Objective: The subsolid nodule is a common clinical concern. The aim of this study was to construct a nomogram to predict the risk of invasive pulmonary adenocarcinoma in patients with a solitary peripheral subsolid nodule.
are divided into solid and subsolid categories. 2 The subsolid nodule (SSN) includes pure ground-glass nodules (synonymous with nonsolid nodules) and part-solid nodules in which both solid and ground-glass components are presented. They have attracted increasing attention in recent years as they increasingly are subjected to computed tomography (CT) screening. 2, 3 The optimal management of patients with an SSN is of growing clinical concern, because the most common diagnosis for resected SSNs is lung adenocarcinoma. 3, 4 In 2011, a new pathologic classification proposed that lung adenocarcinoma should be divided into preinvasive and invasive pulmonary adenocarcinoma (IPA) groups. Preinvasive lesions were stratified into atypical adenomatous hyperplasia, adenocarcinoma in situ, and minimally invasive adenocarcinoma. 5, 6 The clinical management of these 2 groups tends to differ: because preinvasive groups have a near-100% 5-year survival rate after complete resection, sublobar resection may be acceptable, whereas IPA may be amenable to treatment with the standard lobectomy and the scope of lymph node dissection. 4, 6 Distinguishing between preinvasive and invasive lesions without full histologic sampling, however, is difficult, which limits optimal treatment planning. Therefore, it is necessary to construct an effective preoperative model for predicting the risk of IPA. 7 The nomogram has been accepted as a reliable tool to create a simple intuitive graph of a statistical predictive model that quantifies the risk of a clinical event. 8, 9 In this study, we aimed to identify the combination of variables that resulted in a highly accurate prediction of IPA in patients with a solitary peripheral SSN. A nomogram for predicting the risk of IPA probability was then constructed to support clinicians in their treatment recommendations.
PATIENTS AND METHODS Patients
From January 2013 to December 2014, we retrospectively reviewed 293 consecutive patients who underwent surgical resection of a solitary peripheral SSN at the Department of Thoracic Surgery. A peripheral lung nodule was defined as a nodule within the small bronchia of the visceral pleura in the lung parenchyma distal to the tertiary bronchovascular bifurcation. The information retrieved included age, sex, smoking history, family history of lung cancer, preoperative serum carcinoembryonic antigen level, CT features, and pathologic details. Smoking history was defined as smoking at least 100 cigarettes before the interview date. 10 The normal range of carcinoembryonic antigen is 5 ng/mL or less; here, the cutoff value level was identified as 2.5 ng/mL. 8 CT images were obtained by 16-detector-row CT scanners (Brilliance; Philips Medical Systems, Cleveland, OH). The lung window level was À600 Hounsfield units (HU) and the width was 1500 HU; the mediastinal window level was 30 HU and the width was 400 HU. Baseline CT scans of the chest were performed from the thoracic inlet to the middle portion of the kidneys by the use of a 5-mm section thickness; high-resolution CT images were obtained at a section thickness of 1 mm. Radiologic features were reviewed by 2 experienced chest radiologists who were blinded to the patients' clinical and pathologic information. The lesion size, location, shape, margin, interface, internal characteristics, adjacent structure, and CT attenuation value were assessed. The lesion size was defined as the mean of the longest diameter of the entire nodule and its perpendicular diameter.
11 Vascular convergence was defined as vessels crowding the internal part of the nodule or abnormally angled toward the nodule compared with the normal lung parenchyma. A pleural tag was defined as a linear attenuation extending toward the pleura from the nodule. Spiculation was presented as fibrotic strands radiating into the surrounding lesions ( Figure 1) . 12, 13 The CT attenuation was calculated with the region-of-interest cursors, which measured the edge of the lesion on the slices containing the region of the entire nodule with the maximum diameter.
14 The solid proportion was measured as the volume proportion of the solid component in the nodule volume (V solid/V nodule). 12 All of the pathologic specimens were evaluated by 2 experienced lung pathologists (one is an associate senior pathologist whose conclusions were confirmed by a more experienced senior pathologist). The entire specimen was fixed in formalin and embedded in paraffin. Histologic evaluations were conducted by the examination of hematoxylin-eosinÀ stained slides with light microscopy. Adenocarcinomas were classified according to the International Association for the Study of Lung Cancer/ American Thoracic Society/European Respiratory Society classification of lung adenocarcinomas. 6 This study was performed in accordance with the principles outlined in the Declaration of Helsinki and approved by the ethical committee and the institutional review board.
Statistical Analysis
The linearity assumption in continuous variables was examined with restricted cubic splines. The associations of the risk of IPA in patients with a solitary peripheral SSN with clinical parameters and imaging features were evaluated by the use of univariable logistic regression analysis. The variables with P values less than 0.1 were entered into the backward regression multivariable analysis to identify the risks for IPA factors. A step-down method was then used to select a subset of the predictors to achieve a relatively parsimonious model with the maximum concordance index and excellent log-likelihood ratio for the final model. 15 On the basis of the results from the final regression analysis, a nomogram for IPA probability was constructed.
The performance of the nomogram was assessed by discrimination and calibration. 16 The discriminative ability of the model was determined by the area under the receiver operating characteristic curve, which ranged from 0.5 (no discrimination) to 1 (perfect discrimination). 17 The calibration of the prediction model was performed by a visual calibration plot comparing the predicted and actual probability of IPA. In addition, the nomogram was subjected to 1000 bootstrap resamples for internal validation to assess their predictive accuracies. 18 The model development and validation code are displayed in Appendix 1. We also analyzed the classification accuracy in the model based on the following risk strata: low risk (<5%), intermediate risk (5%-65%), and high risk (>65%). 19 The statistical analyses and graphics were performed with IBM SPSS 20.0 (SPSS Inc, Armonk, NY) and R 3.1.2 (The R Foundation for Statistical Computing, Vienna, Austria) with the rms statistical packages. 20 For all the analyses, P<.05 was considered to be statistically significant and all tests were 2-tailed, unless otherwise indicated. 
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RESULTS
Of the 293 patients in the primary database, 20 patients with a clinical determination of node positive disease were excluded. Node positivity was determined by preoperative endobronchial ultrasound-guided lymph node biopsy. A total of 273 patients were enrolled to develop and validate our predictive nomogram model. The clinical and radiologic characteristics of patients are summarized in Table 1 . In addition, all SSNs in both groups had irregular shapes and unclear boundaries. Because there was no obvious statistical significance, the boundaries and shapes of the nodules did not enter into analysis.
Selected Factors for Model
After univariable analysis, the variables of age, family history of lung cancer, CT attenuation, lesion size, vascular convergence, pleural tag, spiculation, and solid proportion were entered into the multivariable logistic regression analysis. The multivariable analyses demonstrated that the occurrence of IPA was significantly correlated with lesion size (P < .001), spiculation (P ¼ .004), vascular convergence (P ¼ .034), and pleural tag (P ¼ .005); however, age, family history of lung cancer, CT attenuation, and solid proportion were not significant. Based on the excellent concordance index and log-likelihood ratio achieved via step-down selection, CT attenuation and solid proportion also were entered into final regression analysis (Table 2) .
Predictive Nomogram for the Probability of IPA
On the basis of the final regression analysis, a nomogram was constructed that incorporated the 6 significant risk factors for predicting IPA (Figure 2) . A total score was calculated with the use of CT attenuation, spiculation, lesion size, vascular convergence, pleural tag, and solid proportion. The value of each of these variables was given a score on the point scale axis. A total score could be easily calculated by adding each single score and, by projecting the total score to the lower total point scale, we were able to estimate the probability of IPA.
Performance of the Nomogram
Based on the receiver operating characteristic analysis, the nomogram showed a robust discrimination, with an area under the receiver operating characteristic curve of 0.894 (95% confidence interval 0.856-0.932). A calibration curve of the nomogram is presented in Figure 3 , which shows that the IPA probabilities predicted by the nomogram agreed well with the actual probabilities. Table 3 shows that the prediction accuracies of our model varied according to the risk cutoff points used to define a positive result. The population prevalence of disease for this population of patients was 58%. The sensitivity and negative predictive values decreased as the risk scores increased, but the specificity and positive predictive values increased.
DISCUSSION
The clinical management of patients with SSN can be challenging. 2, 19, 21 In this study, we created a simple intuitive graph of a statistical predictive model that quantified the risk of IPA and thereby may support clinicians when making treatment recommendations for patients with SSN. We identified 6 factors that were predictive of pathologic IPA, namely CT attenuation, lesion size, spiculation, vascular convergence signs, pleural tag, and solid proportion. Importantly, our nomogram predicts patient-specific probabilities of IPA with optimal discrimination and excellent calibration. The false negative for identifying invasive adenocarcinoma in our model was mainly found in the low-risk cutoff points for defining a negative result, which agreed with the previous research. 22 Several prediction models have been developed and validated to assess the probability of malignancy in pulmonary nodules [22] [23] [24] [25] ; however, the management and evaluation of SSN falls into a category that has not previously been given specific or detailed consideration. 21, 26 To our knowledge, this study was the first to construct a quantitative nomogram to predict the probability of IPA in patients with SSN. The previous nomograms focused only on the prognostic effects to predict the survival of patients with lung cancer. 9, 27 In our nomogram, the lesion size is the greatest contributor to the risk of IPA, followed by the vascular convergence signs, pleural tag and spiculation. CT attenuation and solid proportion showed the smallest effect on the probability of IPA. Recently, an evidence-based, prospective study of 2 highrisk screening cohorts (Pan-Canadian Early Detection of Lung Cancer Study and British Columbia Cancer Agency) found that age, sex, family history of lung cancer, emphysema, nodule size, location of the nodule, solid proportion, nodule count, and spiculation were predictors of a malignant pulmonary nodule 22 ; however, only nodule size and solid proportion were found to be significant to the risk of IPA. 12, 14 Moreover, CT attenuation, vascular convergence signs, and the pleural tag were demonstrated as predictive factors of pathologic IPA for pulmonary SSN based on the limited sample size. 12, 14, 28, 29 These findings were similar to the result of our reports on IPA risk factors for SSN. We found that CT attenuation, nodule size, spiculation, vascular convergence signs, the pleural tag, and solid proportion were predictors of IPA for SSN.
Notably, the Fleischner Society published guidelines in 2013 for the management of SSNs in general practice: these included a recommendation for the use of prediction models to assess the probability of malignancy, based on expert opinions and available scientific evidence; however, overmanagement in clinical practice is common. 30 In our study, 12.8% of the resected solitary SSN were found to be benign. The number of benign tumors removed in our study was lower than in previous reports: for example, one investigation found that that the tumors from 27% of patients who underwent resection for a focal pulmonary lesion were benign. 25 Hence, the number of these unnecessary procedures should continue to be reduced. Moreover, for malignant pulmonary nodules, the most common classification of those that are resected is lung adenocarcinoma. 3, 4 The current surgery strategy for different pathologic stages of lung adenocarcinoma tends to differ, 4, 6 and until now, there has been no effective model to guide surgical management. Intraoperative frozen section diagnosis seems to be a helpful guide for surgical management, but it is not suitable for use in all cases. 6 Therefore, a useful model for patients who are considered for surgery should be constructed by a thoracic surgeon. Our nomogram could be considered to be an important model by compensating for the deficiencies of the previous prediction models for SSN. Several limitations in this study should be addressed. First, we reviewed only the records of patients who underwent resection of a solitary peripheral SSN; patients who did not undergo a resection were excluded. As a result of this selection bias, our model therefore includes patients with a greater probability of having a malignancy. If all patients who have ever had a solitary peripheral SSN were included, the actual area under the receiver operating characteristic curve would be more accurate. 25 Second, although internal validation of the model yielded optimal discrimination and excellent calibration, the generalizability of this nomogram still requires external validation with the use of additional databases, particularly from other countries, considering the differences in epidemiology and clinical behavior that exist between ethnic groups. 31 Third, our prediction model was constructed retrospectively, and only a small proportion of the patients had a positron emission tomography examination; therefore, it failed to incorporate these results and some recognized molecular factors, such as mutations in EGFR, KRAS, ALK, or HER2. 32 Further data collection, wider geographic recruitment, and incorporation of positron emission tomography results and some molecular factors could improve this model for future use. The value of each of variable was given a score on the point scale axis. A total score could be easily calculated by adding each single score and, by projecting the total score to the lower total point scale, we were able to estimate the probability of IPA. In conclusion, we have developed and internally validated a novel nomogram for predicting the risk of IPA for patients with a solitary peripheral SSN in a surgical population. The nomogram is easy to use, is highly accurate, and exhibits excellent calibration. This nomogram might help clinicians to make individualized predictions of each patient's probability of IPA and to improve treatment recommendations for patients with a solitary peripheral SSN (Video 1).
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